Methodology
The World Association of Laser Therapy recommends dosing strategies for low-level laser treatment of specific conditions 13 . Lasers marketed for veterinar y use generally include manuals of tabulated dosing strategies. In laser treatments, a dose is defined as the energy delivered (in watts or joules) per s per unit area (cm 2 ), a measure known as irradiance. Early versions of Class IV treatment lasers required the user to calculate the e xposure time and intensity, but newer versions are typically pre-programmed for particular tissues and depths of penetration. The user selects the condition being treated, the size of the affected area, the type of tissue or organ affected and other patient characteristics, and the laser system calculates the appropriate energy and human use. The Center for Veterinary Medicine can regulate such devices if adverse effects on human or veterinary health are identified after they become commercially available. The Occupational Safety and Health Administration provides compliance guidelines for the use of Class III b and Class IV lasers 12 . The primary laser safety standard in use today was developed by the American National Standards Institute and the Occupational Safety and Health Administration (https://www.lia. org/publications/ansi). Generally speaking, eye protection is required for both the patient and the treatment provider (Fig. 1) .
Contraindications
Lasers are not recommended for use on neoplastic tissue because they can stimulate cell growth. Use in or around endocrine tissue is also contraindicated because of concern over potential angiogenesis. Similarly, because of the vasodilatory effect of near-infrared light, laser use is generally not recommended for conditions with concurrent hemorrhage or anticoagulation Various types of laser devices exist for clinical and non-clinical use ( Table 1) . Those used for veterinary analgesia and pain relief include Class IIIb and Class IV lasers. Class IIIb lasers are low-power, typically producing less than 500 mW of energy, and are used for therapeutic treatments such as osteoarthritis or myositis. Class IV lasers are high-power, producing greater than 500 mW of energy and visible infrared light with a wavelength of 635-1,064 nm, and can be used for tissue repair because they can penetrate 5 cm into tissue 1 .
To date, much of the evidence for the safety and effectiveness of the use of lasers for various indications in veterinary medicine is anecdotal. Within the last decade, however, a few controlled and blinded studies in humans have been done 2-6 . Small single-or multiple-cohort studies have also been reported for some laboratory animals, mainly rats [7] [8] [9] [10] [11] . With the increasing use of lasers for analgesia, analgesia and wound-healing, I anticipate that additional adequate and well-controlled trials will determine its true effectiveness for certain veterinary conditions.
Federal oversight and occupational safety
Veterinary medical devices are not subject to pre-market clearance by the US federal government, and many such devices have been engineered similarly to those cleared by the Food and Drug Administration for
Refining analgesia strategies using lasers
Victoria Hampshire, VMD Sound programs for the humane care and use of animals within research facilities incorporate experimental refinements such as multimodal approaches for pain management. These approaches can include nontraditional strategies along with more established ones. The use of lasers for pain relief is growing in popularity among companion animal veterinary practitioners and technologists. Therefore, its application in the research sector warrants closer consideration. compared with the untreated side. At 20 d after treatment, however, the difference in inflammation was no longer apparent, indicating that the effect of laser treatment is of limited duration 7 . Studies have also investigated wound healing in rat models by measuring free radicals and other physiologic markers, with the results suggesting that laser treatment accelerates wound healing in skin as well as damaged muscle and nerve by blocking inflammation [8] [9] [10] . Comparable outcomes have also been reported in undernourished animal models, suggesting that laser technology might be useful in treating wounds in austere conditions or where conventional nursing and wound care can be challenging or can require multiple approaches, such as in nursing homes 11 .
Conclusions
A growing body of literature attests to the benefits of laser treatment for conditions including musculoskeletal pain, chronic atopy and wound and incision care. Studies of laser treatment would be enhanced by the addition of semiquantitative pain assessment criteria, which are becoming the standard for assessing the efficacy of analgesic agents in animals. Conventional veterinary assessment paradigms and randomized control studies should be used to evaluate overall animal wellness outcomes in response to laser treatment. Together with reports of visible and physiologic effects, these studies could help to enhance guidelines for the use of lasers in the management of painful and distressful conditions in laboratory animals. duration of treatment. Although these user-friendly interfaces eliminate the requirement for users to understand laser physics, I still recommend that users build a basic understanding of how the dose and duration of treatment are calculated and how the laser interacts with tissue so that they can appreciate the photochemical effects of laser treatment (those likely to counteract inflammation and pain).
Results
Studies of laser treatment in rats are growing in number and collectively indicate that such treatment has a favorable outcome for conditions related to pain and inflammation. In one study using 18 Wistar rats, two parallel 15-mm incisions were made on the back of each rat and one incision was treated with a 808-nm gallium-aluminum-arsenide laser at a dose of 10 J/cm 2 . The area of inflammation around the incision was smaller at 10 d after treatment and epithelialization was enhanced at 20 d after treatment on the laser-treated side 
